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In a recent paper (1) I reported a case of Kaposi Sarcoma in which a
comparison was made between 1) x-ray therapy and 2) direct current combined
with x-ray therapy. I noted, aside from an increased therapeutic effect, also
that the type of erythema differed in onset, intensity and duration when the
combined therapy was used.
These studies were made in order to further investigate the clinical reactions of
combined therapy by comparing them 1) to reactions produced by x-ray therapy
alone, 2) to reactions produced by direct current alone and 3) by different
arrangements of combination therapy. The detailed study of the skin effects of
combined therapy was also undertaken.
There have been no previous studies reported on direct current combined with
x-ray therapy, although some work has been done with the combination of heat
and x-ray therapy (2) and of ultra-violet and x-ray therapy (3). In addition the
large number of possible combinations of x-ray therapy and direct current factors
made the choice of experiments doubly difficult. Thus, these studies were of
necessity preliminary and diversified in nature, and the factors chosen, arbitrary.
TECHNICAL FACTORS AND CONSIDERATIONS
Direct current was applied by means of a galvanic machine with an
active positive electrode and an inactive negative elcctrode. The electrodes were
made of felt pads, one centimeter thick, soaked in saline for conductivity. The
positive electrode measured 2 in. by 2 in. and was outlined on the skin in ink so
that the same area would receive successive treatments. A sheet of lead, cut to
the same dimensions, and having a one square inch aperture in the center, was
fitted over the positive electrode and kept in place by firmly applied adhesive
tape which also kept the felt pad in position against the skin. The central aper-
ture allowed the passage of x-ray so that when combined therapy was applied
the peripheral areas delivered D.C. only, while in the center both x-ray therapy
and D.C. were delivered. The negative electrode was much larger (6 in. by 12
in.) and was attached to some convenient part of the body.
The house voltage which was applied through the galvanic machine varied
between 110 and 115 volts. The current applied to the patient varied between
9 and 15 milliamperes. Since the area treated was always 4 sq. in. the current
dosage thus averaged about 3 ma. per 1 sq. in. All D.C. applications were for
1 Article based wholly on observations made before the author entered active military
service.
Received for publication August 24, 1945.
355
356 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
twenty minutes, and will be referred to below, simply as D.C. treatments without
repeated reference to the time element.
The following x-ray therapy factors were kept constant: 120 K.V.P., 5 ma.
filament current, 2mm Al filtration, 16* cm. distance, portal I sq. in. and output
100 r per mm. This voltage and filtration were chosen in order to insure pene-
tration of the one centimeter thick felt pad. The amount of absorption of radia-
tion by the pad was not determined since all treated areas were covered by the
pad, so that any absorbed radiation would not enter as a complicating factor.
DEFINITIONS AND SYMBOLS
The terms and symbols used are defined as follows: Combined or combination
therapy refers in general to direct current combined with x-ray therapy. Com-
bined simultaneous therapy indicates that x-ray therapy was given simultaneously
with direct current either at the beginning, middle or end phase of the direct
current. Combined interrupted therapy means that x-ray therapy was given
immediately before or following direct current with a short interruption between
the two.
CLINICAL MATERIAL
Our clinical material consisted of nine patients, with various localized skin
conditions. A total of 26 areas of combined treatment were chosen. Normal
skin was used for the experiments, and the anterior thighs were the most frequent
sites chosen, while the volar surfaces of the forearms, the lower back and hip areas
were also used. No significant differences in reaction curves were noted from
using different sites.
All patients were observed for a period of 30 days or more, unless the clinical
reactions had disappeared before that time. At the end of 30 days the type of
reaction curve could be established, and since the reactions at that time were
usually too faint for gross comparisons, reactions beyond that time \vere not
recorded. Only marked differences in intensities were considered of significance
and all comparisons of intensities were made on an individual patient, i.e. the
intensity of reaction on one patient was not compared to the intensity of reaction
on a second patient. However, the reaction curves, plotted from the daily read-
ings of reaction intensity, on each area, were made to serve for comparison be-
tween patients.
As a rule the patients all tolerated the galvanic treatment very well. The
subjective symptoms were 1) a burning sensation at the positive electrode, 2)
a tingling sensation or "electrical feeling", 3) numbness and tingling of the hands
and fingers. Most complained of was the duration of the treatments which lasted
30 to 90 minutes daily.
EXPERIMENTS
The experiments were divided into three groups: 1) a group receiving single
(massive) dose therapy, 2) a group receiving multiple dose therapy, 3) a group
with effects of D.C. therapy alone.
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In the first group of experiments simple radiation was given in single (massive)
doses of 100 r to 600 r (14 areas). The effects were Compared to those of com-
bined simultaneous middle phase therapy having similar x-ray doses, applied to
contralateral skin areas (14 areas).
No significant reaction differences developed between the two types of therapy.
The erythema from 500 r of x-ray alone or in combination (chart 1) appeared on
the 7th day, continued at about 1+ intensity and gradually developed pigmen-
tation. The pigmentation was still faintly present when observed 90 days after
treatment.
In the second group of experiments combination therapy u-as given in 6 daily
treatments of 100 r each combined with D.C. therapy so that total doses were 600
r of x-ray combined with 120 minutes of D.C. The effects were compared with
those of similar doses of simple radiation.
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CHART 1. TYPE 1 REAcTIoN CURVE. ERYTHEMA (rEoM 500 It or x-RAY) STARTS ON 7TH DAY
AND STAYS AT 1 PLUS ArTEH 30 DAYS
The following combinations were compared:
1. Simple radiation therapy 2 areas
2. Combined simultaneous beginning phase ther 2 areas
3. Combined simultaneous middle phase ther 3 areas
4. Combined simultaneous end phase ther 1 area
5. Combined interrupted beginning phase ther 2 areas
6. Combined interrupted end phase ther 1 area
As was to be expected, simple radiation of 600 r given in 6 divided doses (sub-
erythema dose) produced little or no reaction. The greater of these reactions
developed a faint blush of erythema which persisted hardly perceptible for 18
days (chart 2b).
On the other hand combination therapy in which 600 r of x-ray was combined
with 120 minutes of D.C. (in 6 divided doses) produced a marked reaction in all
cases. The reaction under the entire positive electrode started after the 4th
treatment with a definite persisting erythema which after the 6th application in-
creased to a vivid red blotchy erythema, usually more marked in the center. In
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some cases diffuse vesiculation developed and on one area a bulla appeared
(fig. 1).
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CHART2. (a) Type 2 reaction curve. Erythema is 4 plus after 6 D.C. treatments, each
combined (±) with 6 daily applications of 100 r x-ray, fades rapidly to 2 plus on the 6th day,
then fades slowly to 1 plus on the 15th day, and is still present after 30 days. (b) Faint
erythcma from 4th to 18th day from simple radiation (1) of 600r in divided doses.
FIG. 1. SHoWING CENTRAL ERTTHEMA WITH VE5IcLES ON RIGHT AND LEFT THIGH FROM
COMBINED INTERRUPTED TIIEEAPY WITH BEGINNING AND END PHASE
TECHNIQUE REsPEcTIvELy
Note absence of peripheral erythema from d.c. alone
The reaction in the center of the treated areas (where combined therapy was
delivered) in all cases subsided at a slower rate than did the peripheral erythema
(where D.C. alone was applied). The latter will be described more fully under
group 3.
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The intensity of the central reaction dropped sharply (4+ to 2 +)in the first
5 days after treatment ended. It then stayed at about 2 + to the 15th post-
treatment day and then remained at about 1 + for about 2 more weeks (to the
28th post-treatment day) during which time the erythema developed into pig-
mentation. The reaction faded perceptibly at about the 28th day, but was still
visible in all cases after 30 days (chart 2a).
No significant differences in reaction were found whether beginning, middle, or
end phase technique was used, or whether simultaneous or interrupted combined
therapy was used (charts 4 and 5).
In the third group were those areas (2 areas) to which D.C. alone was applied
without x-ray therapy being added. In addition, in order to facilitate descrip-
tion, the peripheral portion of the areas described in group 2 above were also in-
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CHART 3. Tra 3 RaACTION CURVE
Erythema is 4 plus after 6, D. C. treatments, fades very rapidly to 1 plus on the 6th day,
then decreases less rapidly to gradual disappearance on the 20th day.
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CHART 4. TYPE 2 REACTION CURVE PRODUCED BY BOTH COMBINED INTERRUPTED AND
COMBINED SIMULTANEOUS THERAPY AND BY BEGINNING () MIDDLE (±) AND
END PHASE (= I) TECHNIQUE
The slight variations are not considered significant.
4.
FIG. 2. SHOWING CENTHAL ERYTHEMA WITH BULLS ON THE RIGHT AND VESICLES ON THE
LEFT ANTERIOH THIGH PHODUCED BY COMBINED SIMULTANEOUS THERAPY WITH
MIDDLE PHASE AND END PHASE TECHNIQUE RESPECTIVELY
Note again absent to mild peripheral erythema from d.c. alone
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CHART 5. TYPE 2 REACTION CURVE PRODUCED BY COMBINED SIMULTANEOUS THERAPY
WITH BEGINNING (E) MIDDLE, (±) AND END PHASE (d) TECHNIQUE
The variations are not of Significance
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eluded in this third group since those reactions followed a similar pattern (11
areas). The reaction produced by 6 daily D.C. treatments (chart 3) started
after the fourth application and became intense after the sixth treatment. The
erythema faded rapidly to the 6th day after treatment (4 + to 1+) ended, then
faded less rapidly, becoming faintly pigmented after the 14th post-treatment day
(2 + to 1+), and completely disappeared at about the 20th day after treatment
ended (1+ to 0).
The final case in this group is reported because of the peculiar pigmentary
changes noted.
A 58 year old male negro with a large keloid on his right forearm was referred
for treatment with combined therapy. The same treatment factors were used
as in the erythema studies except that the skin target distance was 25 cm., the
output was 44 r/min. and the portal was 4 sq. in. The keloid was divided in the
middle with the upper half receiving simple radiation, and the lower half receiving
combined simulatneous therapy with middle phase technique. 220 r of x-ray
was given daily for five days to each area to deliver a total dose of 1100 r. Direct
current was applied for 20 minutes daily in combination with x-ray to the lower
area.
The resultant erythemas were not closely studied since the patient was treated
primarily for observation of the therapeutic effect. However, the significant
finding was that 3 months after treatment pigmentation was still present on the
area receiving simple radiation, while no pigmentation was present on the com-
bined treatment area. A similar finding was observed in our reported case of
Kaposi Sarcoma (1). Incidentally the area treated with the combined therapy
showed more improvement than did the other half of the keloid.
DISCUSSION
With the small number of patients and the relatively small number of experi-
ments, an evaluation of the results obtained in this study is difficult to make.
However, certain facts do stand out and some of them might serve as a basis for
further investigation.
The erythema dose of x-ray (500 r) was not decreased nor was the visible reac-
tion of any single dose of x-ray altered when combined with only 20 minutes of
D.C. It might be possible in another experiment by increasing the time of appli-
cation of D.C. to visibly alter the effects of single doses of x-ray and decrease the
dose of x-ray required to produce an x-ray erythema.
The qualities of the curves plotted with regard to the degree of cutaneous reac-
tions fell into 3 categories: 1) the fiat horizontal line produced by an erythema
dose (500 r) whether of simple radiation or of x-ray therapy combined with only
20 minutes of D.C. (600 r of simple radiation in divided doses produced little
or no reaction.) 2) the gradually descending curve obtained by combined
therapy (120 minutes of D.C. combined with 600 r of x-ray in 6 divided doses).
3) the rapidly descending curve obtained by D.C. applied alone.
It is interesting to speculate whether the reaction curve produced by combined
therapy resulted from increasing in some way the biological effects peculiar to
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x-ray, or merely from the simple addition of two known irritants. Our feeling
from these studies is that the increased clinical reactions obtained with combined
therapy were most probably due to the irritant effect of galvanism and were simi-
lar to the effect of applying other primary irritants combined with x-ray therapy
such as described by MacKee (4) although no controls with any other types of
irritants were done in these experiments. The difference here however is that
galvanic irritation can be controlled both quantitatively and qualitatively and
can be measured in terms of milliamperes, volts, and minutes.
Another fact that was repeatedly brought out was that the clinical reaction
produced by combined therapy differed little, whether the simultaneous or inter-
rupted technique was used, or whether x-ray is applied during the beginning,
middle, or end phase of D.C.
On the patient who was treated for keloid, the combined and uncombined
treatment areas both received 1100 r of x-ray, yet the combined treatment area
showed no pigmentation while marked pigmentation was still present on the area
of simple radiation, when seen 3 months after treatment. Here again further
studies are needed for greater clarification.
Whether or not combined therapy is a more effective therapeutic agent than
simple radiation, can only be demonstrated by clinical studies. Whatever phy-
sical or biological changes take place that are different from the effects of simple
radiation will require investigation of a precise scientific nature. Furthermore,
if combined therapy proves of value in superficial diseases, direct current, being
a potentially penetrating force, may through adequate controls be directed into
deeper structures to be combined with deep x-ray therapy.
SUMMARY AND CONCLUSIONS
1. A single application Of 20 minutes of D.C. when combined with single doses
of 100 r to 600 r of x-ray did in no way alter the x-ray effect on the skin.
2. An intense reaction was produced which decreased rapidly at first, then
very gradually, and was still present after 30 days when 600 r of x-ray (in divided
daily doses of 100 r each) was combined with 120 minutes of D.C. (in divided
daily applications of 20 minutes each). This type of reaction was produced in
contradistinction to the faint or absent reaction from 600 r of simple radiation
given in divided doses.
3. An intense reaction was produced which decreased very rapidly at first,
then less rapidly and lasted only 20 days when D.C. alone was given for
20 minutes on 6 consecutive days.
4. The clinical reaction from combined therapy was not significantly different
whether a) combined therapy was simultaneous or interrupted or b) the x-ray
was applied in the beginning, middle or end phase of D.C.
5. The upper half of a keloid which received a total dose of 1100 r
showed marked pigmentation three months after treatment, while the lower half
of the keloid which had received an equal amount of x-ray therapy combined with
a total of 100 minutes of D.C. showed no pigmentation.
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